SARS-CoV-2 Episode 2? A sequel nobody wants to see
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Reports of reinfection with SARS-CoV-2 suggest that the immune response to
primary infection may have insufficient duration and/or breadth, at least in some individuals.
Taken together with evidence that immunity to seasonal coronaviruses often wanes within a
year[1, 2], these reports raise concern about the long-term effectiveness of SARS-CoV-2
vaccines. While case reports of SARS-CoV-2 reinfection have been increasingly reported
since August 2020[3], few studies to date have attempted to characterize its frequency more
broadly.

In this issue of Clinical Infectious Diseases, Lee at al. report results from a detailed
evaluation of potential SARS-CoV-2 reinfection cases between May and July 2020[4]. The
authors cast a wide net to identify potential reinfections, leveraging the Centers for Disease
Control and Prevention and Infectious Disease Society of America’s provider-based
surveillance system, Emerging Infections Network, to request case referrals. Cases were
evaluated using an exhaustive combination of clinical and laboratory parameters, and
ultimately the authors did not confirm any cases of reinfection within 90 days after primary
infection. These results are in agreement with other studies demonstrating low rates of
reinfection at the population level[5, 6], and the rigorous study by Lee et al. emphasizes
several key points.

One important message highlighted by the authors is that identifying SARS-CoV-2
reinfections is difficult. Lee et al. evaluated nearly 300 submitted cases, performed detailed
review for 73, and ultimately identified only 19 individuals with the highest suspicion for
reinfection. These individuals had a second episode of symptoms compatible with SARS-
CoV-2, arepeat positive reverse transcription PCR (RT-PCR) test for SARS-CoV-2, and no
alternative diagnosis. In addition, many individuals had plausible re-exposure to SARS-CoV-
2, despite it being early in the pandemic, because 68% of them were healthcare workers.
The authors selected this subset of the 19 highest-suspicion reinfection cases from a wide
starting pool, underscoring the need for time, effort, and expertise in evaluating potential

cases.



Conclusive evidence for reinfection requires identification of distinct SARS-CoV-2
variants between the first and second episodes, as determined by comparative viral genome
sequencing[7]. This in turn depends upon the availability of paired samples, with sufficient
amounts of SARS-CoV-2 RNA to allow genome sequencing. In the present study, paired
samples were only available from 6 of the 19 highest-suspicion individuals, and in all cases,
there was insufficient viral RNA to allow genome sequencing from the samples obtained
during the second episode.

What could explain the low levels of SARS-CoV-2 RNA at the time of the second
episode? The authors note that samples were collected within three days of symptom onset,
when the viral load would be expected to be near peak, at least in_primary infection[8, 9].
Because viral loads generally decline over time, and RNA can persist for weeks to months
after primary infection[8, 10], it is reasonable to conclude that many of these individuals had
lingering RNA from their primary infections 1-2 months prior, rather than reinfection.

A possible alternative explanation is that some of these individuals (who had
symptoms, no alternative diagnosis, and plausible exposure) did experience reinfection, but
it was accompanied by partial immune protection, which lowered the viral burden. Partial
immunity has been described for individuals experimentally reinfected with seasonal
coronaviruses[11], as well as ina ferret model of SARS-CoV-2, in which pre-existing
antibodies did not prevent reinfection but did lead to lower viral loads and more rapid
clearance[12]. Individuals with existing antibodies to SARS-CoV-2 from primary infection
have experienced reinfection (although rarely), but this does not seem to be consistently
associated with lower viral RNA levels[5, 6, 13, 14]. Enhanced methods are needed to
distinguish between RNA persistence from primary infection and reinfection when viral RNA
levels are low.

In the present study, reinfection may also have occurred in some of the 24
asymptomatic individuals described, 12 of whom could also be considered high-suspicion
cases, because they had two negative intervening RT-PCR tests and plausible risk for re-

exposure (residing in long-term care facilities). Viral RNA levels were unknown for most of



the asymptomatic individuals, and paired samples were not received, leading the authors to
conclude that reinfection could not be ruled out. This is an important consideration because
a number of cases of SARS-CoV-2 reinfection have been described in asymptomatic
individuals[6, 15].

Overall, the detailed study by Lee et al. provides reassurance that SARS-CoV-2
reinfection is uncommon within 90 days after initial infection, and if present, is unlikely to be
associated with symptoms and high viral load. The authors appropriately emphasize the
importance of assessing the risk of reinfection more than 90 days after initial infection, when
immunity may[16, 17] or may not[18, 19] have waned. Recent studies suggest that
reinfection more than 90 days after initial infection is also uncommon, based on studies
among high-exposure healthcare workers[5, 6] and residents of care facilities[20].

Despite reassuring results from this and other studies, continued surveillance for
SARS-CoV-2 reinfection is essential for several reasons. First, the opportunity for reinfection
increases substantially as the number of primary SARS-CoV-2 infections increases. In
addition, surveillance for reinfection complements the necessary monitoring for and
investigation of post-vaccine infections. Finally, the landscape of reinfection and post-
vaccine infection may be substantially altered by the emergence of SARS-CoV-2 variants
with properties that allow immune evasion. For example, viruses containing the spike protein
mutation E484K are not neutralized as easily as wild type viruses by convalescent sera[21]
or sera from vaccinated individuals[22]. Reinfection has already been reported with E484K-
containing variants B.1.351[23], P.2[24], and P.1[25], as well as variant B.1.1.7[26], which
does not contain E484K. In all of these cases, the first and second infections were more than
90 days apart, underscoring the complex and potentially synergistic roles of immune evasion
and waning immunity. Ongoing surveillance for reinfection and post-vaccine infection at both
the provider level and the population level will be instrumental in guiding our response to the
SARS-CoV-2 pandemic.
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